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Background: A tariff modulation mechanisms has been introduced in some Italian regions with the aim of
reducing inappropriate admissions and improving quality of care. In response to a regional act, hospitals in Lazio
adopted a clinical pathway for elderly patients with hip fracture and introduced a compensation system based on
the quality of health care, as in a pay-for-performance model. The objective of the present study was to compare
the proportion of surgery for hip fracture performed within 48 hours of admission among Lazio hospitals according
to different payment systems, before and after the implementation of the regional act.
Methods: A retrospective cohort study of patients aged 65 years and over, residing in the Lazio region and
admitted to an acute care hospital for hip fracture before (1 July 2008 − 30 June 2009) and after (1 July 2010 − 30
June 2011) the pay-for-performance act. The proportion of surgeries performed within 48 h of hospital arrival was
calculated. An adjusted multivariate regression analysis was applied to assess the effect of hospital payment type on
the likelihood of surgery within 48 h of hospital arrival.
Results: The share of patients with hip fracture that had surgery within 48 hours was 11.7% before the introduction
of the pay-for-performance act and 22.2% after. The proportion of early hip fracture operations increased after the
pay-for-performance act, regardless of hospital payment type. The largest increase of surgery within 48 h occurred
in private hospitals (adjusted Relative Risk = 2.80, p < 0.001).
Conclusions: The introduction of a compensation system based on health care quality is associated with improved
quality of care for elderly patients with hip fracture, especially in hospitals that only use the Diagnosis Related
Group system.
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In many countries health care systems have developed
tools and methodologies for the construction of quality
of care indicators and efficiency of systems. The Agency
for Health Research and Quality (AHRQ) constructed a
series of indicators known as “Quality Indicators –
Measuring Healthcare Quality”, which developed quality
of care benchmarks among hospitals in the United
States [1].* Correspondence: p.colais@deplazio.it
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reproduction in any medium, provided the orThe results of these assessments have been systematic-
ally used to improve care quality and performance. For
example, in April 2002 the UK Department of Health
introduced a new system of financing hospitals, called
“payment by results” [2]. The plan aimed to withdraw
funds from providers who did not deliver adequate levels
of elective care, and give additional funds to those pro-
viders delivering higher-quality care. Another example is
the “Best Practice Tariffs” (BPT) [3], which was intro-
duced by the UK National Health Service to improve the
quality of care in specific areas on the basis of selected
performance indicators. For patients with hip fracture,
care must be quickly and carefully organized to ensure
that the most positive outcomes are achieved. In thistd. This is an open access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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additional payment if the six clinical characteristics of
best practice reported through the National Hip Fracture
Database have been met.
Since 2002, outcome research programs (“The Mattoni-
Outcome Project” and the “Progr.Es.Si. Project”) in Italy
have been conducted on behalf of the Ministry of Health
at the national level [4]. Many Italian regions have pro-
moted the improvement of quality in health care through
the modulation of hospital tariffs thus discouraging
inappropriate care. As a result, we have observed a
marked reduction in hospital admissions in favor of an
increase in day care admissions.
In particular, the Regional Health Care Evaluation
Program (P.Re.Val.E.) [5,6] elaborated and publicly re-
leased 54 hospital care outcome and process indicators
in the Lazio region. Among the indicators measuring
quality in the orthopedic specialty specific interest was
addressed to hip fracture. These indicators take into ac-
count elderly patients admitted for hip fractures with
regards to mortality within 30 days, waiting time to sur-
gery, and proportion of interventions within 48 h of ad-
mission. This program emphasized critical issues in
hospital treatment of elderly patients with hip fracture,
highlighting performances far below the standard of
appropriateness in the Lazio region.
Since 1992 in Italy, hospital reimbursement has been
based on a prospective payment system known as the
Diagnosis Related Group (DRG) system. The National
Health Service pays hospitals a flat rate per case for in-
patient hospital care so that hospitals are rewarded for
efficiency or are stimulated to become more efficient.
Since the establishment of remuneration based on the
DRG system, tariff modulation mechanisms were intro-
duced with the aim of reducing inappropriate care. In
2009 a regional act [7] determined the adoption of a clin-
ical pathway for elderly patients with hip fracture by Lazio
hospitals, and introduced a compensation system based
on quality of health care, as in a pay-for-performance
model [8]. The DRG reimbursement rate for Lazio pro-
viders was linked to hospital performance. In fact, since
2010 the full DRG rate has been paid only for patients
that have undergone surgical treatment within 48 h of
admission, while rates for surgeries performed more
than 48 h after admission have been proportionally re-
duced on the basis of the interval between admission
and surgery [7].
The pay-for-performance system only targeted hospi-
tals that are really paid by the DRG system. During the
study period, not all Lazio hospitals were fully paid on
the basis of DRG: “Local health unit hospitals” actually
have a fixed amount of money for health care spending,
as in a global budgeting system, independent of DRG;
“Public hospital corporations and teaching hospitals”have a global budget for almost all health services and
are partially reimbursed by the DRG system; “Classified
hospitals” (hospitals owned by religious congregations)
are paid by the DRG system for almost all health care
services, and have a budget to cover, at least in part, the
remaining heath care spending; “Private hospitals” are
entirely paid by the DRG system.
The objective of the present study was to compare the
proportion of surgeries for hip fracture performed within
48 h of admission among Lazio hospitals according to
different payment systems, before and after the imple-
mentation of the regional act.
Methods
Data sources
This study is based on information from the Hospital
Information System (HIS) and the Healthcare Emergency
Information System (HEIS). Discharge abstracts for all
hospitals are routinely collected by the HIS and contain:
patient demographic data (gender, age), admission and
discharge dates, up to 6 discharge diagnoses (International
Classification of Disease, 9th Revision, Clinical Modifica-
tion [ICD-9-CM]), medical procedures or surgical inter-
ventions (up to 6), and status at discharge (alive, dead,
transferred to another hospital). The HEIS collects all
Emergency Department (ED) visit records in the Lazio
region, including information on patients’ characteristics,
four categories of severity based on triage (red, yellow,
green, and white), main diseases, some clinical parameters,
performed treatments, and diagnoses at discharge (most
information is codified using ICD-9-CM codes).
Study population
We conducted a retrospective cohort study of patients
aged 65 years and older who were residing in the Lazio
region and admitted to an acute care hospital for a hip
fracture (ICD-9-CM diagnosis codes 820.0–820.9 in any
position) between the period preceding the pay perform-
ance act (1 July 2008 to 30 June 2009, Period 1) and the
period after the pay performance act was enacted (1 July
2010 to 30 June 2011, Period 2). All hospitalizations for
hip fracture occurring between 1 July 2009 and 30 June
2010 were excluded from the analysis as it was consid-
ered as a transition period during which the regional act
was developed based on quality of health care.
We excluded admissions of patients according to the
following criteria:
– hospitalized for hip fracture in the previous 2 years;
– transferred from another acute care hospital or ED
(patients admitted to a given ED or hospital for hip
fracture and coded as ‘transferred from’ another
unidentified acute care facility or ED);
– had multiple significant traumas (DRGs 484–487);
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neoplasm (codes 140.0–208.9) at the index
admission (current admission for hip fracture) or at
previous hospitalizations during the last 2 years.
– directly admitted to an intensive care unit;
– died within 48 h of admission without intervention
(patients who could not have undergone surgery
owing to poor baseline clinical conditions);
– admissions not remunerated by the National Health
Service (e.g., admission remunerated by private
insurance or by an out-of-pocket fee);
– admissions to hospitals with a volume of hip surgery
(hip fracture) of less than 50 per year during Period 2.
Outcome
The outcome under study is the surgery within 48 h
(0–1 day) of hospital arrival. The date of hospital arrival
corresponded to the date of the index or ED admission.
The interventions were identified by the following ICD-
9-CM codes: total or partial hip replacement (codes
81.51, 81.52) and reduction of fracture (codes 79.00,
79.05, 79.10, 79.15, 79.20, 79.25, 79.30, 79.35, 79.40,
79.45, 79.50, 79.55).
Exposure: hospital payment types
Hospitals were classified according to hospital payment
type:
1. Local health unit hospitals




Risk factors potentially associated with the outcome
under study were chosen among the conditions identi-
fied in the literature [9-11]. Comorbidities were identi-
fied on the basis of ICD-9-CM codes registered either at
the index hospitalization or at previous hospital or ED
admissions during the last 2 years [12,13]. Acute events
that occurred during the index admission that could
be considered as complications of care were not in-
cluded. Details and ICD-9-CM codes are reported in
the Additional file 1.
Statistical analysis
The proportions of surgery performed within 48 h of
hospital arrival were calculated. We used multivariate
regression analysis to assess the effect of hospital pay-
ment type on likelihood of surgery performed within 48
h of hospital arrival, adjusting for other factors (age,
gender and comorbidities) that could affect the outcome
under study. Among all factors potentially associated
with the outcome under study, age and gender wereconsidered a priori risk factors; the others were selected
using a stepwise bootstrap procedure to assign an im-
portance rank of predictors in the logistic regression
analysis. In this approach, the logistic regression with all
predictors is run 100 times on random samples drawn
with replacement from the original data set. Only the
risk factors identified at least 30 times with a signifi-
cance level of 5% were included in the predictive model.
To estimate the adjusted proportion of surgery within
48 h of hospital arrival, a multivariate logistic regression
analysis with no intercept, including centered covari-
ates and an interaction term between types of
hospital payment and study period, was applied. This
model estimates log odds of surgery within 48 h with
respect to hospital payment type allowing compari-
sons between types of hospital payment before and
after the regional act.
Adjusted proportions were obtained for each level of
hospital payment type by back-transforming parameter
estimates with the following formula [14]:
Adj proportion ¼ exp estimateð Þ= 1þ exp estimateð Þð Þ½ k
where k is a correction coefficient, introduced to take
into account the nonlinear nature of the logistic model.
K is calculated as follows:




where pj are the adjusted proportions, nj is the group
size, and m is the number of groups.
Relative risks by hospital payment type were estimated
to compare the proportion of surgeries within 48 h be-
tween Period 1 and Period 2.
All analyses were undertaken using SAS Version 9.2.
The data used for the study are not openly available.
The Department of Epidemiology has been authorised
by the Regional Health Authority to use the data.
Results
The main characteristics of the study population in-
cluded in each period are shown in Table 1. We studied
a total of 12,433 admissions for hip fracture in the Lazio
region: 6,043 during the period preceding the pay-for-
performance act (Period 1) and 6,390 during the period
after pay-for-performance act (Period 2). The mean age
was 82.7 (SD: 7.2) years in Period 1 and 83.2 (SD: 7.1)
years in Period 2. The proportion of females varied from
77.2% to 81.1%. Patient characteristics, including distri-
bution by hospital payment type, were similar during
both periods (Table 1). The crude proportion of inter-
ventions performed within 48 h was higher during
Period 2 than Period 1 (22.2% and 11.7%, respectively).
The hospital’s characteristics before and after the
Table 1 Characteristic of patients admitted with
diagnosis of hip fracture in Lazio, before and after the
pay performance act






n = 6,043 n = 6,390




Obesity (in the previous 2 years) 0.4 0.4
Obesity (current admission) 0.4 0.5
Hemiplegia and other paralytic
syndromes (in the previous 2 years)
0.5 0.3
Hemiplegia and other paralytic
syndromes (current admission)
0.4 0.3
Other forms of chronic ischemic heart
disease (in the previous 2 years)
9.9 9.3
Heart failure (in the previous 2 years) 4.9 5.7
Vascular disease (in the previous 2 years) 2.7 2.5
Vascular disease (current admission) 0.6 0.9
Cerebrovascular disease
(in the previous 2 years)
9.0 8.4
Cerebrovascular disease (current admission) 3.1 3.1
Diabetes (in the previous 2 years) 6.2 6.2
Blood disorders (in the previous 2 years) 4.6 5.0
Hypertension (in the previous 2 years) 14.4 13.2
COPD (in the previous 2 years) 5.8 4.9
Chronic renal disease
(in the previous 2 years)
3.3 3.5
Chronic renal disease (current admission) 3.2 4.2
Types of hospital payment
Local health unit 54.6 55.9
Public and teaching 23.2 23.2
Classified 8.4 9.8
Private 13.9 11.1
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Table 2.
The risk factors included in the predictive model are
shown in the Additional file 2. All comorbidities in-
cluded in the predictive model reduced the likelihood of
hip fracture surgery within 48 h. In contrast, the likelihood
increased with age and in female patients. Differences
between crude and adjusted OR were not observed.
The results of the association between hospital pay-
ment type and hip fracture surgery within 48 h are
reported in Table 3. We observed a lower probability of
undergoing surgery within 48 h during Period 1 (range
8.9%-18.3%) than during Period 2 (range 19.8%-26.0%),for all hospital payment types. We observed a higher
probability of hip fracture surgery within 48 h during
Period 2 than during Period 1 by hospital payment type
(local health unit: adjusted RR = 2.07, p < 0.001; public
and teaching hospitals: adjusted RR = 1.42, p < 0.001;
classified hospitals: adjusted RR = 2.00, p < 0.001; private
hospitals: adjusted RR = 2.80, p < 0.001). Finally, differ-
ences between crude and adjusted proportion of patients
receiving surgery within 48 h were not observed.
Discussion
An improvement in the proportion of patients receiving
early surgery for hip fracture after the introduction of
the pay-for-performance act was observed in cases re-
munerated through all hospital payment types. However,
the largest increase of surgery within 48 h was observed
for private hospitals. This improvement resulted in a
strong reduction of the diversity of the interval from ad-
mission to surgery across hospital types. In the period
preceding the introduction of the pay-for-performance
act, the patients admitted to private hospitals had the
lowest likelihood of receiving surgical intervention for
hip fracture within 48 h, while less than one-half of the
likelihood was observed in public and teaching hospitals.
During the period after the introduction of the pay-for-
performance act, public hospitals still exhibited the
greatest proportion of patients receiving hip surgery
within 48 h; however, the greatest increase was observed
in local health unit and private hospitals.
In Italy, the National Health System provides equal ac-
cess to healthcare for all citizens and residents through a
mixture of public and private services. In the Lazio re-
gion (5.7 million inhabitants and healthcare budget of
1.1 million euros/year) there are 41 private and public
hospitals that perform hip surgery (Table 2). The hospi-
tals are very different in size, and serve areas that differ
for age composition and distribution of diseases [15].
Our results seem to confirm the hypothesis that the
introduction of a compensation system based on quality
of health care, such as the pay-for-performance model,
is associated with improved quality of care for elderly
patients with hip fracture. This finding is especially true
for hospitals entirely paid by the DRG system, as shown
in a study that compared the quality improvement pro-
grams in Lazio and Toscana [16].
The impact of pay-for-performance in the Lazio re-
gion can be related to the fact that the hospitals had
plenty of room for improvement from baseline [17],
given the low proportion of patients receiving surgery
within 48 hours [16].
Even if the evidence of the pay-for-performance model
effectiveness remains weak [18], its implementation was
a necessary measure to improve the performance of the
health care systems in Lazio and in other Italian regions.
Table 2 Characteristic of hospitals per types of hospital payment, before and after the pay performance act
Types of hospital
payment
Before pay performance act After pay performance act
(Period 1) (Period 2)
n = 6,043 n = 6,390
N. hospitals Hospital admissions for a hip
fracture






Local health unit 23 3298 1650 1649 23 3571 1786 1786
Public and teaching 7 1402 702 701 7 1484 743 742
Classified 4 505 253 252 4 624 313 312
Private 7 838 420 419 7 711 356 356
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to be linked with important clinical outcomes [19-21], in
Lazio hospital remuneration was related to the proportion
of hip surgery performed within 48 hours. The Lazio
regional act was aimed at implementing the pay-for-
performance model uniformly to all providers in the
region so that its effects were not diluted [16], however it
is noteworthy that the pay-for-performance model could
have an impact at the hospital level rather than at the
individual or team level [17,19,22]. Furthermore, health-
care providers could have affected the impact of pay-for-
performance program as different ownership types might
have implemented different incentives related to the up-
take of the pay-for-performance model [23].
The increase of interventions performed within 48 h
of admission may be due to the development of pro-
grams for public release. In 2007, P.Re.Val.E [5,6] was
conducted with the aim of improving the quality of
health care; in 2008, the Agency for Public Health of
Lazio designed a clinical pathway for elderly patients
with hip fracture. The impact of these programs on the
quality of health care for orthopedic patients compared




Before pay performance act Afte
(Period 1)
Hip surgery






unit 3298 86.0 9.6 9.6 3571 86
Public and
teaching 1402 94.3 18.3 18.4 1484 94
Religious 505 90.9 12.1 11.9 624 93
Private 838 86.2 8.9 9.0 711 88
TOTAL 6043 6390study [16]. Overall, there is no clear evidence regarding
an association between public reporting and improved
quality of care, even though some studies suggest that
public reporting may motivate quality improvement ac-
tivities [24,25]. A previous study found little evidence of
an association between the introduction of result-based
payment and a change in the quality of care. In this
study, Farrar et al. used three variables to measure qual-
ity: in-hospital mortality, 30-day postsurgical mortality,
and emergency readmission after treatment for hip frac-
ture [26]. Finally, the improvement of quality of health
care for elderly patients admitted for hip fracture may be
associated with the “announcement effect” of the regula-
tory act on the Lazio providers.
There are other differences among Lazio hospitals that
could affect the capacity of reacting to the changing pay-
ment methods. The differences in the management of
elderly patients with hip fracture in hospitals depends
on the different distribution of elective or emergency pa-
tients and the relative waiting time to surgery and on
the clinical practices of the hospital specialties. The dis-
tribution of socio-economic characteristics of elderly
patients with hip fracture could be different amongurgery within 48 hours
r pay performance act
Comparison between period
(Period 2)
Hip surgery Hip surgery








Adjusted RR p value
.0 19.8 19.7 51.7 2.07 0.000
.1 26.0 26.2 29.8 1.42 0.000
.9 23.7 23.8 49.1 2.00 0.000
.9 25.2 25.2 64.5 2.80 0.000
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vantaged people could experience longer waiting times
[27]. However, the socioeconomic inequalities in the
waiting times for surgery were reduced in Lazio region
after the implementation of P.Re.Val.E. [28].
The strengths of this study include the before-after de-
sign, the large data sample available for analysis, the vali-
dated algorithm for cohort selection and variable
definitions, and the robust outcome. However, the limi-
tations should also be considered. The study relies en-
tirely on administrative data and, despite the broad and
valued use of administrative data for health care re-
search, hospital discharge data have several limitations
that have been recognized repeatedly [29]. In addition,
although several covariates were included in the models
to adjust for differences in patient characteristics, un-
measurable or unmeasured covariates that might affect
the likelihood of intervention within 48 h of admission
may not have been taken into account. However, the
lack of major differences between the crude and adjusted
proportion of patients receiving surgery within 48 h and
the homogeneity of results by hospital payment type
suggest that these covariates may not affect results.
Furthermore, different coding practices across hospitals
and misclassification of comorbidity are unlikely to be
associated with hospital payment type.
Conclusion
In conclusion, this study contributes to the debate about
the impact of performance-based programs on quality of
care and the efficiency of systems.
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